The debris circling the Earth has become an important e n vironmental problem. In particular it creates nonnegligeable risk for spacecraft and satellites. This paper discusses a method to bound the rate of passage of objects through an arc segment in the plane of motion, given random initial conditions for the orbiting object. An advantage of the approach of this paper is that the initial conditions may b e arbitrary and that moments beyond the rst may be computed in a similar manner.
Introduction
There is now a substantial amount of debris in orbit about the Earth. It poses a risk to satellites and space craft and other debris. Unintended breakups as well as collisions occur. The objects in orbit include meteorites, solar system probes, functional spacecraft and debris made up of nonfunctional space craft, fragmentation debris and mission-related debris rocket bodies, 6, 8, 9 . Debilitating collisions have occurred, eg. an Ariane piece collided with a C erise spacecraft, see 8 . Figure 1 is a NASA graphic illustrating some of the objects in low earth orbit at one point in time.
It is important to understand the risk associated with such debris. This paper is concerned with developing bounds for the intensity of passage of an object orbiting in a plane, through a short curve segment or arc in that plane. The curve segments may be put together to form the boundary of an arbitrary shape and expressions obtained for risks of general objects.
This present paper refers to work in progress and in keeping with that situation is heuristic in approach.
Space hazard
Space debris risk assessment may be de ned as: the estimation of the probability that certain performance variates, of a space object of interest, exceed relevant critical levels, within a speci ed time period, as a result of collisions with space debris. For example it may b e o f i n terest to estimate P r o b fdebris passes throughx; x + dx in time interval 0; T g where x; x + dx refers to a small cell. It is clear that the time period of exposure is crucial to the description and estimation of such risks. The sizes of the debris pieces and of the object are also important in practice. In the present w ork x will be taken to lie in the orbital plane of the object.
Risk probabilities
A statistical concept that proves exceedingly useful in addressing problems of space risk is that of a point process, 4 . Realizations of such a process have the form fx j : j = 1 ; 2; : : : g with the x j distinct points in a Euclidian space. In risk analyses the x j refer to the locations of occurrence of some damaging event. Such a p o i n t process may also be described by a counting measure, with NA = t h e n umber of points in a given set A. It is often convenient t o work in terms of di erentials dNA = NdA where, for small jdAj; d N A is 1 or 0 depending on whether or not there is a damaging event in the cell dA.
In risk analysis the probability o f a n e v ent occuring in a prespeci ed set, A, is of particular importance. Under regularity conditions one can write The Poisson is often pertinent t o w ork with in risk problems because it arises as a limit when many independent p o i n t processes are superposed or when the points are rare, 4 .
4 Specifying orbits.
Along the way to obtaining expressions for collision probabilities one needs a method to specify orbits. As Kepler and Newton showed these orbits are ellipses with the Earth at a focus, see Figure 2 . In this paper the work will be for orbits within a given plane.
There are a number of coordinate systems. Refering to Figure 2 the following partly classical notation will be used: T: time of a perigee passage C: the location of the object on its orbit at a given time, t
The elements, a; e, give the size and shape of the ellipse. The angles ! and f are measured in the direction of motion of the object around the orbit. To fully specify the movement that direction also needs to be speci ed. The angle ! gives the orientation of the major axis relative to the base line FA. Let P denote the object's period. Suppose that 0 T P, i.e. T is the time of rst perigee passage since time 0. In this work it will be assumed that the initial condition for !;T are stochastic eg. ! is uniform on 0; 2 and independently T is uniform on 0; P . Figure 3 provides a graph of some realizations of orbits for this process. The eccentricity i s . 9 .
The following coordinate system is particularly convenient for describing a particular location in the plane of motion: shows that the period of the object is given by P = 2 =n.
Rate computation
This work starts with the case of a single object orbiting in the plane. Its orbit may be denoted t ; r t ; t T where t is the angle AFC a n d r t is the distance FC. A probability o f i n terest concerns the temporal rate of passage through a small arc, eg. one given parametrically by f = au; r= bu; u U g 6 where say U = 0; 1 or = u; u + u. The arc might also be given as a graph, as in u = ; r = b o r a s i n = ar for some range of or r values. In a practical case, a satellite or space station might be described by a simply-connected curve. The locations and times of passages through 6 lead to a two dimensional point process, t j ; u j ; j = 1 ; 2; : : :with au j = t j ; b u j = r j . T h e p o i n t t j ; r t j is the location of the j-th passage through the arc and t j the time of that passage. If Nt; u = ft j ; u j t; ug denotes the point process, then the rate function t; u = EfdNt; ug=dtdu 7
is of interest. Given one can for example compute the expected ux through the arc 6 at time t as 
Discussion
In practice there may b e a n umber of objects orbiting simultaneously. S u pposing their initial conditions are sampled independently from p!;T, the rate function remains proportional to that given by expression 11 and for a large number the overall process that is approximately Poisson, so one can obtain approximate risk probabilities as at 2.
Dependence may b e i n troduced amongst particles by assuming a joint distribution for ! 1 ; T 1 a n d ! 2 ; T 2 . This is necessary, for example, to handle particles resulting from a breakup.
For a product density of order 2 one replaces expression 10 with Ndt 1 ; U Ndt 2 ; U ; t 1 6 = t 2 Its expected value may b e e v aluated in the manner of the one dimensional case. Examples will be provided in a later paper.
That the time origin is purely random, i.e. that T is U 0; P , seems plausible for many situations. But it does seem worth assuming that the distribution of ! is not uniform, for example a launch m a y be made with a prespeci ed ! 0 . F ormulae 11 and 18 give results for ! having density p!.
Only the planar case has been considered in this paper. This is what is usually done to begin in the texts on orbital mechanics. The three dimensional case will be addressed in the next paper.
All the assumptions needed for the development of the results have n o t been presented, eg. conditions allowing exchange of orders of integration. One may a void the use of th Dirac function by formal limiting arguments, as in 3
In the case that U = u; u+u and that p!;T, is 
